To evaluate the effects of exposure of enoxaparin and unfractionated heparin (UFH) in prophylactic and therapeutic doses on the fertility rates of pregnant healthy Wistar rats.
Introduction
Thromboembolic disease is the leading cause of maternal mortality during pregnancy and postpartum in developed countries.
However, treatment-based anticoagulants remain controversial 1 .
The primary anticoagulant, warfarin, which crosses the placenta and causes foetal teratogenesis, is contraindicated in pregnancy, except in certain situations. Alternatively, unfractionated heparin (UFH) can be used during this period, although previous literature suggests the use of low molecular weight heparin (LMWH). Both types of heparin do not cross the placental barrier, but LMWH exhibits advantages over UFH with its lower risk of osteopenia, and it does not require constant monitoring of the anticoagulant effect and subsequent dose adjustments. Although bleeding can be a complication of anticoagulant therapy, the use of LMWH during pregnancy has been associated with a reduced incidence of bleeding events and an absence of maternal foetal bleeding. However, clinical and experimental studies have not demonstrated ample evidence of its safety and effects on the development of the embryo-foetus [1] [2] [3] .
LMWHs are classified by the Food and Drug
Administration (FDA) as a risk category "B" for use during pregnancy and have not been associated with any foetal abnormality or specific incidence of birth defects 4, 5 .
Experimental models can be used to assess drug effects on pregnant animals regarding fertility rates and perinatal outcome of their offspring; however, few experimental studies are available that have evaluated the effects of exposure to drugs or procedures on fertility rates in female rats [6] [7] [8] [9] .
Due to gaps in the published literature regarding the effects of the anticoagulants, enoxaparin and UFH, in experimental pregnancy models, the objective of this study was to evaluate the effects of exposure to enoxaparin and UFH at prophylactic and therapeutic doses on the fertility of female Wistar rats.
Methods

This study was approved by the Ethics Committee on
Animal Use, Federal University of Mato Grosso do Sul (UFMS) under protocol number 282 of March 11, 2011.
Fifty-five healthy animals of the species Rattus norvegicus
Wistar variety were used in this experimental study. Fifty females and five males that initially weighed between 160 and 250g.
The minimum sample size consisted of eight female rats per group. As presented in the literature, we selected to use ten animals in each group to minimise losses 7, 8 . One male was used for every five females, according to the model previously described by Weinstein and Stark
10
.
Male rats were used only for mating purposes. Upon completion of all matings, male rats were sacrificed using decapitation.
The methodology used to determine insemination was performed according to Weinstein and Stark 10 . When sperm was observed in the lamina, which served as an insemination diagnosis, this time point was defined as day "zero" of insemination 11 . Upon the confirmation of insemination, each rat was randomly divided into one of the experimental groups of this study, at the beginning of the experiment. The animals were housed in cages at a good temperature and humidity and the brightness of its natural cycle on the shelves was controlled in the animal house. Food and water were provided ad libitum before and during the pregnancy.
The enoxaparin and UFH doses were standardised according to human studies previously described in the literature and were adjusted by weight 12, 13 . The dilutions were determined for compatibility with the drug administration appropriate for the volume in rats 14 . Thus, the dosages were as follows:
enoxaparin (prophylactic dose), 1 mg/Kg, subcutaneously once daily; enoxaparin (therapeutic dose), 2 mg/kg subcutaneously, in which the dose was divided into two daily doses; heparin (dose prophylactic), 72 UI/Kg, subcutaneously twice a day; and UFH (therapeutic dose), 200 UI/Kg, subcutaneously twice a day.
The pregnant rats were randomly divided into five groups, I to V, which consisted of the control group (I) and experimental groups (II to V). Each group consisted of ten animals. There were no losses during the study.
The groups were broken down according to the anticoagulant used. Thus, the enoxaparin group received a prophylactic dose (Group II) and treatment (Group III), and the UFH group was exposed to prophylactic doses (Group IV) and treatment (Group V).
In the therapeutic dose UFH group (V), the efficacy of anticoagulation was measured by examining the activated partial thromboplastin time (aPTT), in which a value between 1.5 and 2.5 was equivalent to adequate anticoagulation. On the 2nd, 7th, 14th
and 21st day of gestation, blood was collected from venous flow in all females for platelet quantification.
The rats were weighed daily for dose adjustment, and exhibited body bruises and bleeding in the gingival, ocular and genital regions as assessed using direct observation, haematochezia/melena or the appearance of stool. The drugs were applied subcutaneously as recommended 14 .
On day 21 of insemination, a surgical procedure of laparotomy was performed on each rat to remove the organs and foetuses. Laparotomy was performed with a pre-induction of anaesthesia using midazolam (4 mg/kg IM), followed by general anaesthesia using xylazine (5-10 mg/kg) and ketamine (50-75 mg/ kg) intraperitoneally. After surgery, euthanasia was performed with decapitation 14, 15 . Foetuses were euthanised by decaptation 15 .
Live foetuses were quantified, the sexes were identified and the placentas were weighed. Also looked for defects in development macroscopic by direct observation as a number of legs, eyes, the presence of tail and training cranial. Next, the uterine horns were dissected, and the presence of early and late reabsorptions was determined by direct observation. The number of implantation sites was determined by the sum of live foetuses, dead foetuses and reabsorptions. The removed ovaries were dissected, and the number of corpus luteum was quantified -which indicated the number of ovulations - (Figures 1 and 2 ).
Using the obtained values, the following calculations were performed to analyse fertility, according to the literature [8] [9] [10] : rate of pre-implantation loss = full corpus luteum -total implantation sites × 100 / total number of corpus luteum; implantation efficiency rate: total implantation sites × 100 / Total corpus luteum; rate of post-implantation loss = total implantation sites, total live foetuses × 100 / total implantation sites; and foetal viability rate = total live foetuses × 100 / total implantation sites. P-values <0.05 were considered statistically significant. For the calculations, the GraphPad Prism ® version 3.00 was used.
Results
All groups exhibited satisfactory weight gain, and there was no statistically significant differences in the average daily weight gain after seven, 14 and 21 days of pregnancy compared with the control group and compared among groups (Table 1) . Analysis of the effects of the anticoagulant employed on perinatal outcome in other characteristics of the litter, such as the weight of the foetuses and placentas ( Table 1 ) and rates of masculinity and femininity, there were no statistical significances between groups versus the control group and when compared among groups.
In addition, there was no statistical significance when the number of foetuses per pregnant animal was compared between groups versus the control group and when compared among groups, as shown in Table 2 .
There was no statistical significance between each group and the control group, and the groups were combined to analyse the rates of pre-implantation loss (RPL), rates of efficiency implantation (REI), rates of post-implantation loss (RPIL) and rates of foetal viability (RFV) after 21 days of pregnancy ( among groups) . ns -not significant; RPL -Rates of pre-implantation loss; REI -rates of efficiency implantation; RPIL -rates of post-implantation loss; RFV -rates of foetal viability Regarding the frequency of bleeding events, there was a significantly higher prevalence in the groups exposed to therapeutic doses of anticoagulant drugs (Groups III and V) compared to the control group (Table 4 ). All bleeding events occurred between 18 to 21 days of gestation. The studies where then temporarily suspended and the drugs doses were recalculated when administration was re-initiated.
No cases of thrombocytopenia (platelet count <130.000/ mm 3 peripheral venous blood) in the animals were found at all three time points (sevn, 14 and 21 days) and no cases of defects of development macroscopic.
Most studies on drug exposure and its effects on the fertility of female rats showed an effect on loss rates and pre-or post-deployment, which was increased compared to the control groups 8, 9 . However, changes in the loss/gain weight during the use of anticoagulants is not common in gastrointestinal disorders, which reduce the eating habits of rats and explains the lack of differences in loss/gain in weight. These findings were in contrast to previous studies that evaluated the use of anti-retroviral medications 8 and in cases of stress situations 9 .
Heparin-induced thrombocytopenia is caused by the immune response 19 . Previous studies have described this as a rare event in obstetric patients exposed to UFH or LMWH 20 . In the present study, although it was not measured in the same frequency as human gestation (which is evaluated at the beginning and end of each equivalent "trimester" of human gestation), we found no case of thrombocytopenia in the examined groups. There was no significant difference between the mean platelet count among groups and compared to the control group.
Experimental studies performed by Erden 21 and Curcelli 12 in rats exposed to heparin did not report bleeding. A systematic review comparing LMWH and UFH initially showed fewer bleeding episodes 22 . In this study, the group exposed to enoxaparin at therapeutic doses developed a greater number of bleeding events compared to the group exposed to UFH (Group V), which suggests an inappropriate dose adjustment compared to the weight of the animals.
The drugs used in the present study may interfere with the biochemical processes of implementation and positive embryonic maintenance. Several studies on the effects of heparin on trophoblast invasion and modulation mechanisms and antiapoptotic decidual and placental tissues have shown benefits with the use of these medications 21, 23 , which are consistent with the results of this study, in which no differences in fertility rates in Wistar rats exposed to enoxaparin and UFH in prophylactic or therapeutic doses were observed.
UFH and enoxaparin do not cross the placental barrier 24 and did not demonstrate teratogenic effects in animal studies 25 .
Thus, it was expected that no differences occurred in the weight gain of the foetus. Thus, by not interfering with fertility rates of Wistar rats, the use of enoxaparin and UFH in prophylactic and therapeutic doses during the pregnancy of these animals was used.
Despite an extensive literature search, no studies were identified that addressed the scientific experimental fertility rate in the use of heparins during pregnancy, which is consistent with this pioneering study. Thus, further studies using animal models are necessary to assess the potential effects of drug exposure on fertility, 
Groups
Discussion
The use of anticoagulants in pregnancy occurs more frequently, particularly with females with thrombophilia, due to improved pregnancy outcomes, as observed in a prospective study of 84 pregnant women using thrombophilia markers. According to this previous study, the use of these drugs resulted in a lower, but statistically significant, rate of abortions, foetal loss, preeclampsia, eclampsia and preterm delivery compared to previous pregnancies of the same patient in the absence of enoxaparin treatment 16 .
UFH exhibits anti-thrombin activity and enoxaparin inhibits activated factor X in the coagulation signalling cascade.
However, both drugs do not cross the placental barrier and thus are preferentially used during pregnancy 1 . However, there is still controversy regarding their use because there are no large clinical trials of anticoagulation in pregnancy and experimental studies are scarce 17, 18 . In addition, we performed a literature search on both prophylactic and therapeutic drug dosages and its relationship with fertility rates in rats and found that these studies have been limited. particularly because studies examining human reproduction are limited, and due to cost, space, time and ethical considerations.
Conclusion
The effects of exposure of pregnant Wistar rats to the anticoagulant drugs, enoxaparin and unfractionated heparin, in both prophylactic and therapeutic doses, demonstrated that in relationship to pregnancy, no significant changes in fertility rates and prognosis of offspring were observed.
